Bioassay-directed fractionation of the organic extract of Senecio mathewsii gave four compounds with anti-TB activity: werneria chromene (1), capillarol (2), werneria chromanone (3) and plicatin B (4). All of these are new to the genus Senecio and one of these, werneria chromanone (3), was isolated from a natural source for the first time. With the aid of 2D NMR, revised (1) or new (2-4) spectral assignments were made. Similarly, the major anti-TB activity of Usnea florida was shown to be solely due to usnic acid.
assignments were made. The structural and spectral results are described below.
The mass spectrum of 1 gave a molecular ion at 244 consistent with a formula of C 15 H 16 O 3 . The proton NMR indicated a 1,2,4-trisubstituted benzene ring, a methoxyl group, two identical C-methyl groups and one cis-and one trans-disubstituted double bond. The carbon NMR and APT data supported these structural features and also showed five quaternary carbons: one sp 3 and one sp 2 carbon each attached to oxygen, two additional sp 2 carbons and one carbonyl carbon in the ester region. The position of the methoxyl carbon resonance indicated it was an ester. The NMR data clearly matched those of werneria chromene (1), first isolated from Werneria stuebelii in 1984 [9] . It also has been isolated from Baccharis linearis [10, 11] , Psoralea plicata [12] , Phebalium rude [13] and Bituminaria bituminosa [14] , but not from the genus Senecio. Like Senecio, the first two genera belong to the Compositae (Asteraceae) while Psoralea and Bituminaria belong to the Leguminosae (Fabaceae) family and Phebalium is a member of the Rutaceae family.
The complete NMR assignments of 1 shown in Table  1 are in good agreement with the literature [9, 10] except that the assignments of C-3 and C-4 need to be reversed based on the following experiments. The HETCOR experiment places the proton at δ H 6.32 on the carbon at δ C 121.7 and the proton at δ H 5.65 on the carbon at δ C 131.3, the reverse of the NMR assignments in the literature [10] . In order to determine if the carbon or the proton assignments are [15] verifies this reversal since the 3-bond C-H correlation for H5-C4, H4-C5, H3-C10 and (CH 3 )-C3 are only consistent with structure 1 and the reversed carbon assignments.
The proton NMR spectrum of 2 showed the same trans-double bond, ester methoxyl group and 1,2,4trisubstituted aromatic ring pattern as 1. The absence of the cis-disubstituted double bond and the presence of two methyl groups at different chemical shifts suggested that it could be a pyran ring-opened analogue of 1. A one-proton multiplet at δ H 6.8 supported the presence of a dimethylvinyl moiety and the peak at δ H 13.09 indicated a phenolic OH group. The mass spectrum showed a molecular ion at 260 consistent with a formula of C 15 H 16 O 4 . The carbon NMR spectrum of 2 showed a carbonyl carbon at δ C 195.7 in addition to a methyl cinnamate moiety with chemical shifts similar to those of 1. The APT spectrum confirmed the tri-substituted double bond in this compound and the quaternary aromatic carbon at δ C 165.1 indicated it was adjacent to an OH group.
On the basis of these spectroscopic data, 2 was tentatively identified as capillarol [16] , a root growth-promoting factor in Artemisia capillaris [17] previously isolated from Werneria stuebelli [9] and Artemisia monosperma [18] . The similarity of the melting point, mass spectral fragmentation, proton NMR and UV spectrum with the literature values Constituents from Senecio mathewsi and Usnea florida Natural Product Communications Vol. 3 (9) 2008 1379 [9, 16, 19] confirmed this hypothesis. The HETCOR, COSY and XCORFE experiments permitted the carbon and proton NMR assignments of capillarol in Table 2 . The assignments for Ha and Hb agree with those of Bohlmann [9] , but not Okada [19] . The fact that a much stronger shielding is experienced by the carbon atoms α to the double bond in the cis isomers due to the γ effect is illustrated by the chemical shifts of the α carbons of several (E)-(Z) pairs [20] and permits the carbon assignments of the 4' and 5' CH 3 groups of 2 and, via HETCOR, the protons. The mass spectrum of 3 gave a molecular ion at 260 consistent with a formula of C 15 H 16 O 4 , isomeric with 2. The 1 H NMR spectrum of 3 also indicated a 1,2,4-trisubstitued methyl cinnamate group, but the signals of the 3-methylbut-2-enoyl and hydroxyl groups of 2 were replaced by those of two geminal dimethyl groups (δ H 1.48, 6H, s) and a methylene group adjacent to a ketone carbonyl (δ H 2.75, 2H, s). The 13 C NMR and APT spectrum of 3 gave 14 carbon lines with the one at δ C 26.6 assigned to the two geminal methyl groups. Besides the methyl cinnamate moiety, there was another carbonyl at δ C 191.8, a methylene carbon at δ C 48.7 and a quaternary carbon at δ C 80.0. These data suggested that 3 was the chromanone analogue of werneria chromene 1 (hence, werneria chromanone). It has been reported previously from the acid-catalyzed cyclization of capillarol [16, 19] , but not from a natural source. The assignment for Ha and Hb (see Experimental) are consistent for the other cinnamoyl protons in this paper, but opposite that of Okada [19] .
The mass spectrum of 4 gave a molecular ion at 246 consistent with a formula of C 15 H 18 O 3 . The proton NMR spectrum indicated the presence of a 1,2,4trisubstituted benzene ring, a trans methyl cinnamate moiety and a prenyl group, suggesting that 4 was plicatin B. This was confirmed by the carbon NMR spectrum, which at 75 MHz showed only 14 lines due to overlap as had been reported previously [21] [22] [23] . Because of the lack of sufficient pure material for 2D experiments to resolve the overlap and make definitive assignments of the NMR spectra, a synthetic sample was prepared by the method [25] HMBC and HMQC experiments permitted the unambiguous assignments for both the proton and carbon spectra of plicatin B (Table 3) , once again assuming the γ effect generalization for the two geminal methyl groups [20] . Plicatin B was first isolated in 1979 from Baccharis tricuneata [26] and subsequently from Werneria stuebelii [9] , Psoralea juncea [21] , Psoralea plicata [22] , Baccharis linearis [10] , Psoralea canescens [27] , Bowdichia virgilioides [28] , Petasites formosanus [29] , Psoralea morisiana [30] , Bituminaria morisiana and B. bituminosa [14] .
Usnea florida (L) HOFFM. is known in Bolivia as Tika kaka or Kaka sunka, and is used primarily to treat bronchial and lung infections. An alcoholic solution of this plant is also used as a nerve tonic [2] . U. florida has antibiotic activity [31] [32] [33] [34] , although it apparently has not been tested previously against Mycobacterium tuberculosis. On the other hand, U. florida contains usnic acid (5) [35] [36] [37] which is active against M. tuberculosis [38] [39] [40] [41] and other gram-positive organisms [39, 40, 42] . In order to determine if usnic acid was the major source of the anti-TB activity of U. florida, bioassay directed isolation was carried out. The most active fraction was identified as usnic acid by comparison of its mass spectrum [43] [44] [45] [46] , proton NMR [47] [48] [49] and carbon NMR spectra [50] with literature data and assignments. The isolated compounds (1-5) and the synthetic intermediate (4-OAc) were tested for anti-TB and/or anti-avium activities as summarized in [42, 52] . A common structural feature of all these compounds is the α,β-unsaturated carbonyl system, which may react with nucleophilic centers in key enzymes by Michael addition. A similar observation has been made in the germacranolide series [53] . The fact that plicatin B acetate (4-OAc) had the same MIC as plicatin B (4) suggests that a free hydroxyl group is not necessary for activity. Plant extraction: Samples were collected in Bolivia, identified and extracted as described previously [4] according to the NCI protocol [5] . The dried and ground plant was steeped in 1:1 methanol:dichloromethane for 12 hours at 25 o C, filtered and the residual plant material washed with an equal volume of methanol. The combined solutions were stripped of solvent at <40 o C and <20 mm Hg to give the organic extract B. The air dried marc was steeped in water for 12 hours at 25 o C, filtered and the filtrate lyophilized at 0.5 mm Hg and <0 o C to give the aqueous extract (A). The remaining marc was exhaustively extracted with 70% ethanol in a Soxhlet apparatus and then discarded. Removal of the solvent at <40 o C and <20 mm Hg gave the alcohol extract (C). All extracts and fractions were stored in a freezer at - tuberculosis and M. avium as determined by using the radiorespirometric measurement of 14 CO 2 from the oxidation of (1-14 C) palmitic acid [55] . Crude extracts were considered active if inhibition was greater than 80% at a concentration of 100 μg/mL. Usually only the organic (B) extracts were tested Constituents from Senecio mathewsi and Usnea florida Natural Product Communications Vol. 3 (9) 2008 1381 since initial tests showed them to be the most active consistent with the lipid-rich cell wall of the genus Mycobacterium [6] . The organic (B) extracts of Senecio mathewsii and Usnea florida at 100 μg /mL showed percent inhibitions of M. tuberculosis/ M. avium growth of 95/82 and 98/0, respectively. (1) , capillarol (2), werneria chromanone (3) and plicatin B (4) from the organic extract of Senecio mathewsii: The high anti-tuberculosis activity (98% inhibition at 33 μg/mL) of the organic extract of Senecio mathewsii was not concentrated by a solvent polarity partition or by an acid-base extraction that has been used to isolate Senecio alkaloids [56] . In fact, a test of the putative alkaloid fraction with Dragendorff's reagent was negative. Silica gel chromatography with CHCl 3 :hexane (5:1) to CHCl 3 :EtOAc (3:1) yielded fractions HQ-35-A to -G based on TLC analysis. Flash column chromatography of HQ-35-B on silica gel with hexane:EtOAc:acetone (40:4:1) gave fractions HQ-42-A to -D. HQ-42-C was rechromatographed with hexane:EtOAc (10:1) to give pure werneria chromene (1) and capillarol (2) (99% and 87% inhibition, respectively, against TB at 50 μg/mL ). Chromatography of HQ-35-C on silica gel with hexane:EtOAc (6:1) gave pure werneria chromanone (3) which showed 81% inhibition (50 μg/mL) against M. tuberculosis. Fraction HQ-35-D showed high anti-TB activity (93% at 33 μg/mL) and was subjected to successive silica gel column chromatography with hexane:EtOAc:acetone (3:1:0.02) an impure sample of plicatin B (4) according to TLC, MS and NMR. Additional 4 was synthesized to verify the structure assignments and to provide sufficient pure material for bioassay.
Isolation of werneria chromene

Synthesis of Plicatin B:
The literature synthesis [23] was followed beginning with the reaction of p-iodophenol with prenyl bromide followed by acetylation and introduction of the methyl acrylate side chain via the Heck reaction to give plicatin B acetate (4-OAc) that upon methanolysis gave plicatin B (4). (5) from the organic extract of Usnea florida: The organic extract of Usnea florida (5.0 g) was stirred with CHCl 3 , the insoluble portion removed by filtration and the solution washed with water. The CHCl 3 was evaporated and the residue stirred with a mixture of 90% MeOH and hexane. The insoluble portion consisted of 600 mg of yellow crystals whose properties agreed with those of usnic acid (cf. below). Since some of the remaining fractions also displayed some anti-TB activity, they were combined and chromatographed on silica gel, but the only fractions which showed bioactivity were those that contained small amounts of usnic acid. These results suggest that the only anti-TB active component in this plant is usnic acid. 13 
Isolation of usnic acid
